Abstract. If all-black figures are used, certain monocular appendages to binocular shapes are seen in depth, either nearer (when in a medial position) or further (when in a lateral position) than the binocular shape itself. These appendages also link to form subjective contours in front of the binocular shape or amodal completions behind it. These and other discoveries by von Szily, made before 1921, anticipate a number of modern findings.
from behind other objects. It is not evident that von Szily had any connection with the Gestalt psychologists despite his interest in perceptual organisation and he does not refer to the Schumann (1900) figure. Figure 1. Adolf von Szily, 1847 Szily, -1920 (Courtesy of Professor H J Kuchle, Minister; see also Kuchle 1981) .
The von Szily figures are all viewed as stereograms consisting of a binocular shape (usually a rectangle) to which are appended square monocular tabs in different arrangements. The figures are all black (silhouettes). The monocular tabs are seen in depth and appear to link up with each other either in front of or behind the binocular surface to form subjective contours or what we would now call amodal completions. The perceived far location in depth of monocular tabs adjacent to a binocular surface on the lateral side (consistent with their being half-occluded) might be considered a precursor of 'Da Vinci stereopsis' (Kaye 1978; Nakayama and Shimojo 1990) . It should be noted, however, that von Szily, using silhouettes, also reports depth in the tabs on the medial side, which Nakayama and Shimojo did not find. Also, von Szily does not regard the depth in the tabs to be a new form of stereopsis. He regards the depth as similar to that found by Panum (1858) ; essentially due to the fusion of the edge of the tab with the edge of one side of the rectangle in the other eye's view. What he does regard as new is the manner in which the depth of the tabs is organised to form a coherent binocular arrangement. In particular, von Szily points out the extraordinary fact that when the tabs are seen as far relative to the rectangle, the side of the rectangle adjacent to the tabs is visible, being completed by a subjective contour, whereas when the tabs are near, the adjacent side of the rectangle disappears. He points out that the 'sensory' (ie image) properties do not differ in these two cases. This demonstration has still not been repeated, although Nakayama and Shimojo (1992) report a similar effect using a fully binocular cross. Von Szily's demonstrations could also be regarded as to some degree anticipating 'stereo capture' (eg Ramachandran and Cavanagh 1985; Ramachandran 1987) , in which explicit stereo contours 'capture' ambiguous areas to form surfaces in depth.
Von Szily does not engage in elaborate theory of the sort presented by the Gestalt psychologists. He restricts himself to a few general statements. For example, he believes that one cannot meaningfully separate low and high level factors in stereoscopic depth perception but that stereovision is itself a 'higher function of the visual sense supplied with organising forces'. He points out that the organisation in his figures occurs instantaneously. He also believes, referring to Hering, that the organising capacities of binocular vision are built into the visual system in adaptation to the physical environment-although experience does have some influence.
Notes
In our translation we have tried to be as faithful as possible to the original German and to avoid putting modern concepts into von Szily's text. We have chosen, however, to translate the term 'psychisch' as 'cognitive'; the term 'mental' could also have been used. We have translated the term 'korperlich' as 'three dimensional', 'stereoscopic', or 'solid'. The italics are von Szily's.
The original article gives only one figure for each stereo demonstration and provides instructions for using prisms to reverse the figure for the second eye. We have taken the liberty of eliminating this part of his text and providing the reader with both left-eye and right-eye views of von Szily's figures. Hering has pointed out that stereoscopic experiments with outline drawings do not really operate on pure lines. Even a very thinly drawn stroke has a measurable areal extent. Furthermore, the border between two distinct extents actually corresponds to the mathematical concept of a line which has no reality per se. This also applies to the contours of silhouettes. Many years ago, I carried out stereoscopic experiments using these.
To my knowledge similar experiments have not yet been carried out by others; at least I could not find any relevant information in the literature to which I had access. These experiments were motivated by the expectation that they would lead to new insights into the influence of lateral disparity on the behaviour of contours and that, in connection with this, certain phenomena may occur which are important for the question of binocular stereovision.
The experiments may be carried out in various ways. I consider especially informative those experiments in which the arrangement follows Panum's paradigm. They provide for observation very simple stimuli which nevertheless reveal everything of importance which more complicated figures may leave partially obscured.
With silhouette stimuli, Panum's experiment can obviously not be carried out in its original form, but an analogous arrangement can be used, in which the edge of one half-image extends out of a specified location in any desired form. This extrusion is the only difference between the two silhouette half-images. At first, I chose silhouettes in which the edge of the other half-image is parallel, to be as close as possible to Panum's experiment. Nevertheless, despite doing this, I have no intention of further discussing that experiment, especially since according to Hering, in order to test theories of lateral disparity, experiments require strict fixation, whereas the stable perception of stereoscopic phenomena with silhouettes requires unrestricted freedom of eye movements, or, in other words, the conditions of everyday vision.
f A demonstration of 'stereoscopic silhouettes' was given in the section for ophthalmology (chairman Ernst Fuchs) of the 66th Meeting of the Society of German Scientists and Physicians in Vienna, Sept. 24-28, 1894 (see Proceedings, pp 227-228, F C W Vogel, Leipzig, 1895).
All my experiments were carried out with real silhouettes which were cut out from thin black cardboard and fixed between two transparent sheets of glass in front of a white wall. With this method, you obtain observations of optimal vividness. My descriptions apply to these original experiments. The stereoscopic impressions are essentially the same, however, using the figures which are attached to this paper.
The first figure (figure 2, upper pair) was designed in the following way. Each of the two half-images (a, b) consists of an equally wide vertical strip which has an extruding part on both sides (one above, the other below). If one binocularly fuses the two half-images, one sees a vertical plate which is crossed above and below by short horizontal plates; in each of which one end protrudes spatially in front of the vertical plate, while the other end appears to go behind it (figure 2c). The former is created by the medial extrusions, the latter by the lateral ones. In the former case contours of the two half-images are in crossed disparity, while in the latter case they are in uncrossed (ipsilateral) disparity.
Furthermore, the most remarkable observation can be made that the closer piece of the horizontal plate occludes the edge of the vertical plate, whereas the more distant piece, extending behind the vertical plate allows the edge of it to be visible. Although in both cases the elements of sensory excitation are the same, the addition of the one half-image in crossed disparity has the power to extinguish the part of contour which corresponds to its location; while the essentially identical addition in the uncrossed disparity case shows with respect to the entire appearance the opposite, but similarly useful, behaviour. That we have here a clear difference in the process of fusion under cognitive influence may be concluded from the following. If one makes a small conspicuous mark on each edge of one of the half-images corresponding to the location of the extruding part of the other half-image, then one perceives, after binocular fusion of the two half-images, that on the side of crossed disparity the mark appears immediately at the outer edge of the extruding lateral part of the plate. On the side of the uncrossed disparity, however, the mark is more likely to remain at the visible edge of the vertical plate and only with direct fixation of the receding edge of the lateral sheet will it temporarily jump onto it. Long-term observation of the marks, however, soon begins to disturb the stereoscopic percept.
It is obvious already with this first silhouette experiment that the visual impression is three dimensional, although not all observers conform to this interpretation. Most describe the percept as though the two lateral plates were inserted into the vertical plate in opposite directions.
The three-dimensional impression occurs quite clearly with the next combination ( figure 3, upper pair) The binocular task yields the following result: In the upper part of the figure, a small rectangular card appears in front of the vertical plate, whereas in the lower part, the two edges are seen on both sides behind the vertical plate as a supposed (single) small card (figure 3c). The former three-dimensional image results from crossed, the latter from uncrossed, disparity. Again, the former is seen as occluding the locally corresponding edge contour of the vertical sheet, which the latter, on the contrary, releases. This experiment offers yet another peculiarity. That is the appearance of imaginary (horizontal) contours which complete the upper small card. This phenomenon of imaginary contours is especially pronounced, if the experiment is carried out with a cut-out silhouette held against the light. But silhouettes printed on paper generate the same percept, if they do not reflect too much light. Therefore, in general it is an advantage to hold the figure slightly in shadow during the experiment.
In figure 4 (upper pair) the left half-image (a) is, on its left side, delineated by a vertical straight line along its whole length, whereas, on the right (b), the same vertical border line only appears in the middle part of the figure, between two triangular extrusions which are symmetrical to each other. The right half-image is a mirror image of this.
On fusion, a plate emerges from this figure with folded parts on the top and bottom which obliquely protrude like a roof and which are each completed by an imaginary contour at their ends. The folded parts, however, occlude the contour of the respective supposed parts of the plate or rather those parts themselves, as far as they extend up or down on both sides (figure 4c). In this experiment, the contours on both sides are in crossed disparity with the spatially corresponding parts of the vertical contour of the other half-image.
If the left-eye and right-eye images are reversed (figure 4, lower pair) a plate appears in stereoscopic fusion of the two half-images which has its top and bottom ends folded at the back like a roof, but now the two vertical border lines of the plate are visible along their whole length (figure 4f). In this case the stereoscopic phenomenon relies on uncrossed lateral disparity. The next figure (upper pair) has a left-eye view (figure 5a) delineated by a vertical straight line, on the left, and by two circular lines which touch in the middle, on the right.
If one imagines that the upper and the lower right border angles are connected by a straight line, then the two parts, which are cut by this, form two circular segmentlike parts which protrude from an upright rectangle. When the symmetrically inverted image of the figure is generated in front of the right eye (figure 5b) and fused with the figure which is seen by the other eye, a stereoscopic phenomenon is obtained which consists of a body made out of two horizontal bulges which protrude as cylinders separated from each other by a deep furrow (figure 5c). This phenomenon results from crossed disparity relationships between the circular contours of the protruding parts and the vertically straight contours from the two corresponding half-images. The If one introduces for this figure uncrossed disparity relationships (by fusing the lower pair in figure 5 ), a plain upright rectangular area, for which the lateral straight lines do remain visible, is seen in the stereoscopically fused image. Adjacent to those lines, in the back, are circular segments which appear to be convex (figure 5f). If one is familiar with the former experiment one will immediately tend to conceive the whole as the reversed counterpart of the former phenomenon, in that one interprets the segments which face to the back as the side edges of the supposed convex bulges in the back.
Similar stereoscopic experiments with silhouettes can be continued endlessly, especially if one is not bound by the Panum principles of arrangement. Binocular vision shows an unusually large range of form creating ('gestaltende') activity. One of the simplest examples is the following experiment with silhouettes. In figure 6 (upper pair), the left half-image (a) consists of a rectangle with two vertical and two horizontal extrusions which are slightly shifted to the right.
If the symmetrical image of the figure (b) is generated for the right eye, an upright cross appears in the fused image in front of a rectangle ( figure 6c) .
If, however, the half-images of the upper pair (a, b) in figure 6 are reversed (d, e) then the rectangle appears in front with the ends of a supposed upright cross extruding from behind it (figure 6f).
The main reason that motivated me to present this experiment is the various and rich involvement of imaginary contours in achieving the two reciprocal stereo percepts: the contours that contribute to the completion of the cross-shape, in the first case, and the lines that mark off the rectangle at locations where those lines are physically absent in the two half-images, in the second case.
I need not report my various further stereoscopic experiments with silhouettes. The resulting phenomena may be very different with respect to their form; however, in essence they do not lead to anything new. Their only importance resides in the logical confirmation of the cardinal phenomena which were observed in the first basic experiments already. If one attempts to analyse these one will realise without hesitation their construction is out of sensory and cognitive elements which, however, are intertwined to such a degree in their influence that although they can be distinguished, this distinction cannot survive deeper scrutiny. Sensory elements are the contours present in the half-images and their lateral disparity relationships to one another. The cognitive phenomena are the occlusion or visibility of real contours, respectively (appropriate to their depth localisation), and the occurrence of unreal (imaginary) contours which is necessary for the completion of the stereoscopic (solid) appearance. The appearance of the latter is less surprising, as the silhouette is a very poor stimulus, though to a certain degree suggestive for the organising force of imagination. This is demonstrated by its well-known use among artists. From all experiments it can be seen that even the arrangement of unreal (imaginary) contours depends on the purely sensory lateral disparity relationships. It can be demonstrated by the following experiment that the lateral disparity has an influence not only on relative localisation in depth, but also on the figural imagination, immediately at the onset of, and with the briefest duration of the relevant sensory stimulus. The silhouette of the circular disc (figure 7a) has to the right and left, in a position exactly corresponding to its horizontal diameter, an extrusion of approximately 4 mm vertical and 2 mm horizontal width.
If this figure is binocularly fused with its symmetrical mirror image (figure 7b), which is absolutely identical to it in this case, the constellation turns out to be indifferent and no stereoscopic effect occurs. However, if one rotates^ the figure upward in a clockwise direction the circular disc remains simple, yet the extrusions double each other: thus, one sees now four of them, of which the lower two stand in front of the disc as soon as they appear, while the upper two extrude from behind the disc. The former two occlude (the edge of the disc) at the locations where they appear. Where the latter two appear, this edge remains freely visible: the former are in crossed, the latter in uncrossed disparity relative to the corresponding parts of the contour of the half-image of the disc, over which they lie in binocular vision.
When you rotate the figure by 90° (figure 7, lower pair), the two extrusions are precisely in the direction of the vertical axis of the disk. As before, in this neutral position there is no stereoscopic phenomenon to be observed, because of the complete correspondence between figure and mirror image. But with slight rightward or leftward (1) We leave it to the reader to copy the figures and rotate them to obtain these effects (WHE, BJG). c d Figure 7 rotation, disparity relations occur between the diverging extrusions which lead to very impressive stereoscopic effects. In the first case one sees an axle belt, the top of which appears with imaginary contours in space, in front of the disc, while the bottom, occluded by the disc, is invisible, except for the short end which extrudes below to the back. In the second case it is the other way round. The bottom of the axle belt is seen three-dimensionally in front of the disc. However, it is not visible above, except for the border piece which extrudes at the top from behind. In the first case an upper part of the border of the disk appears to be occluded. In the second case the lower part appears occluded. These phenomena, which are brought out by the present experiment occur, without the slightest delay, if the gaze rests initially on one of the two extrusions which are in neutral locations and instantly follows the movement of one or the other when they become separated from each other.
Several incidental phenomena which can be observed in these experiments remain unreported here, since they are without relevance to the interpretation of the present topic.
Summary and conclusion
Extremely meagre sensory stimuli serve as a basis for stereoscopic research with silhouettes.
By contrast, the stereoscopic phenomena brought forth in perception show a much more complex construction.
The given contours emerge as purely 'mathematical' line borders under the constraint of lateral disparity, a behaviour which satisfies the demands of depth and stereo vision. Under crossed disparity, fusion leads to the percept of a complete occlusion of contours which maintain their visibility under conditions of uncrossed disparity.
The same demands control the appearance of imaginary contours, whose arrangement depends likewise on the form-generating influence of lateral disparity.
This enormous distance in content between sensory stimulus and perception rules out any doubt that binocular depth and stereo vision is a higher function of the visual sense which is supplied with organising forces.
The results of the experiments with silhouettes can only be explained by the innate three-dimensionality of the visual sensations', somewhat in the sense of Hering's theory according to which binocular depth and stereo vision can be regarded as part of the phylogenetically acquired genetic make-up owing to adaptation of visual function to the physical environment. That the innate quality requires individual experience for its full development has been stressed several times by Hering. For this reason the phenomena in the experiments with silhouettes turn out to be much more impressive for the experienced observer than for the naive observer.
